Stream low flow estimates are central to assessing climate change impact, water resource management, and ecosystem restoration. This study investigated the impacts of climate change upon stream low flows from a rainforest watershed in Jianfengling (JFL) Mountain, Hainan Island, China, using the low flow selection method as well as the frequency and probability analysis technique. Results showed that low flow at this watershed over a period of 18 years (1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) was 0.58 m 3 /s and its recurrence probability and recurrence interval were, respectively, 99% and 1.01 years for low flow with a 60-day duration. Low flow rate decreased linearly both as time increment elapsed (R 2 ¼ 0.62, p < 0.01) and as air temperature rose (R 2 ¼ 0.60, p < 0.05), whereas the recurrence intervals of low flow were shorter (or occurred more frequently) as time increment elapsed. In contrast, no correlation existed between annual rainfall and low flow for this watershed, indicating that rainfall was not a factor influencing stream low flows. Since there were little to no anthropogenic activities rather than air temperature rise over time at this watershed, we attributed the decreased rate and frequent occurrence of low flow to the warming air temperature as time elapsed.
INTRODUCTION
Climate change is a long-term change in statistical distribution of weather patterns over periods of time that range from decades to millions of years (Houghton et al. ) . Climate change over the past several decades has been linked to changes in large-scale hydrological cycles including: increasing atmospheric water vapor content; modifying precipitation patterns with intensity and extremes; reducing snow cover and melting ice; and changing soil moisture and surface runoff (Bates et al. ) . In the last century, precipitation has increased over land in high northern latitudes, but has decreased from 10 W S to 30 W N since the 1970s. The frequency of heavy precipitation events has increased over most areas, while the area of land classified as very dry has more than doubled globally since the 1970s. Shifts in the amplitude and timing of runoff in glacier-and snowmelt-fed rivers, and in ice-related phenomena in rivers and lakes, have been observed (Bates et al. ) . It has been predicted that temperatures in 2100 are expected to be 1.1-6.4 W C higher than temperatures in 1900, accompanied by changes in rainfall intensity and amount (Tank et al. ) . Each of the past three decades has been successively warmer at the Earth's surface than any previous decades based on instrumental records, and the decade of the 2000s has been the warmest (Tank et al. ) . In practice, the 7Q10 method has been used for selecting a particular low flow value (Telis ; Reilly & Kroll ).
The 7Q10 method is an LFFC-based index and is defined as 
RESULTS AND DISCUSSION
The FDC for the stream discharge data from 1990 to 2007 at the secondary forest watershed from JFL are shown in increment elapsed (Figure 3(a) ). For example, the rate of low Results demonstrated that an increase in air temperature resulted in a much lower low flow than in soil temperature.
This occurred because a warmer air temperature caused a higher leaf transpiration rate than a warmer soil temperature. Leaf transpiration is a major water loss mechanism in forest land due to evapotranspiration.
Changes in three-year annual mean rainfall over the period from 1990 to 2007 was statistically not significant for this watershed (Figure 4(c) ). In other words, no significant increase in a three-year average annual rainfall was observed during this period, indicating the impact of climate change on rainfall over this period at this watershed was trivial. Using the data given in Table 1 , a plot of mean annual rainfall against low flow demonstrated that no correlation existed between annual rainfall and low flow ( Figure 5(c) ). Therefore, rainfall was not a factor influencing stream low flow in this gradually warming forest watershed although the exact reasons for this phenomenon remain to be investigated. 
CONCLUSION
In this study, we evaluated the magnitude, recurrence interval, and recurrence probability of low flow in a secondary rainforest watershed within the JFL Mountain area, Hainan
Island, China, using the low flow selection method developed by Ouyang () and the frequency and probability analysis technique from the HYDSTRA model. Results indicated that low flows had occurred with a decreasing value and an increasing frequency over the historical period of record due to warming air temperature. To scrutinize the impacts of past climate change upon low flows, we further divided the period of data records into six time increments, each of three years (i.e., 1990-1992, 1993-1995, 1996-1998, 1999-2001, 2002-2004, and 2005-2007) . These increments allowed us to examine how past climate change, namely the air temperature rise, affected the low flows and their recurrence intervals and probabilities over time. Results demonstrated that low flow rate decreased linearly both as time increment elapsed and as air temperature rose, whereas the recurrence interval of low flow was shorter (or occurred more frequently) as the time increment elapsed. Our results further revealed that an increase in 1 W C of air temperature resulted in 1.76-fold lower low flow than an increase in 1 W C of soil temperature. This occurred because air temperature is a major driving force for leaf transpiration, which is a major water loss from evapotranspiration in a forest watershed. In light of these findings in low flow, and considering the implications for the entire JFL, conserving water and stream system protection will become vitally important for keeping minimum stream flows required to prevent significant harm to water resources and stream ecosystems.
Management practices that help to reduce evapotranspiration and enhance infiltration and groundwater discharge to streams may become important tools in mitigating future climate impacts on low flows. We also believe that our findings from this study provide a useful reference to other similar regions around the world when characterizing impacts of climate change on hydrological processes. Further study is also warranted to investigating the impact of soil water storage along the steams within the watershed to determine the correlation between low flow and soil water content during the time when low flow occurs.
